We studied the reactivity of 66 anti-Escherichia coli B/r porin monoclonal antibodies (MAbs) with several E. coli and SalmoneUla typhimurium strains. Western immunoblots showed complete immunological crossreactivity between E. cofi B/r and K-12; among 34 MAbs which recognized porin in immunoblots of denatured outer membranes of E. coi B/r, all reacted with OmpF in denatured outer membranes of E. coli K-12. Extensive reactivity, although less than that for strain B/r (31 of 34 MAbs), occurred for porin from a wild-type isolate, E. coli 08:K27. Only one of the MAbs reacted with porin in denatured outer membranes of S.
typhimurium. Even with immunochemical amplification of the Western immunoblot technique, only six MAbs recognized S. typhimurium porin (OmpD), demonstrating that there is significant immunological divergence between the porins of these species. Antibody binding to the bacterial surface, which was analyzed by cytofluorimetry, was strongly influenced by lipopolysaccharide (LPS) structure. An intact 0 antigen, as in E. coli 08:K27, blocked adsorption of all 20 MAbs in the test panel. rfa+ E. coli K-12, without an 0 antigen but with an intact LPS core, bound seven MAbs. When assayed against a series of rfia E. coli K-12 mutants, the number of MAbs that recognized porin surface epitopes increased sequentially as the LPS core became shorter. A total of 17 MAbs bound porin in a deep rough rfaD strain. Similar results were obtained with S. typhimurium. None of the the anti-E. coli B/r porin MAbs adsorbed to a smooth strain, but three antibodies recognized porin on deep rough (rfaF, rfaE) mutants. These data define six distinct porin surface epitopes that are shielded by LPS from reaction with antibodies.
The outer membrane of gram-negative bacteria is an asymmetric bilayer composed of lipopolysaccharide (LPS), phospholipids, and proteins (for reviews, see references 16 and 26) . It plays a dominant role in resistance to host factors and antibiotics (6, 36) , while it provides uptake channels for nutrients and ions (25) . LPS is confined to the outer leaflet of the outer membrane, comprising 45% of its surface area (10, 16) . It consists of a hydrophobic lipid A region embedded in the bilayer and two peripheral structures: the oligosaccharide core and the 0-antigenic side chain. These last two saccharide domains give the cell surface its hydrophilic character. Lipid A is similar in composition among the enteric bacteria, but the core oligosaccharide shows variation from strain to strain; six different structures have been characterized (7) . In studies with rfa mutants, which lack the O antigen or have a shortened core, the role of LPS as a permeability barrier has been demonstrated (5, 35) .
Porins are trimeric proteins which span the outer membrane bilayer and serve as water-filled channels for the passive diffusion of hydrophilic molecules of less than 650 daltons (25, 26) . The Escherichia coli K-12 porins OmpF, OmpC, and PhoE share extensive regions of sequence homology and some limited local homology with OmpA (23, 27) . E. coli B/r contains a porin that is virtually identical to OmpF, differing in only three residues; it does not have a porin analogous to OmpC (15) . Salmonella typhimurium contains 34,000 (OmpD)-, 35,000 (OmpF)-, and 36,000 (OmpC)-molecular weight porins, designated 34K, 35K, and 36K, respectively. Their amino acid compositions and tryptic peptide maps show both similarities and differences * Corresponding author. among them (28, 43) . The 35K porin of S. typhimurium maps to a locus homologous to that of E. coli OmpF (37) .
We used a panel of anti-E. coli B/r porin monoclonal antibodies (MAbs) to determine the effect of LPS structure on the binding of antibodies to the surfaces of E. coli and S. typhimurium. As measured by fluorescence flow cytometry, LPS 0 antigen and core structure controlled antibody accessibility to porin surface epitopes. For both S. typhimurium and E. coli, an intact 0 antigen completely blocked antibody binding to porin surface epitopes. As the LPS chemotype became rougher, more MAbs within the test panel recognized porin surface epitopes. This influence of LPS defined distinct patterns of surface reactivity among the individual antiporin MAbs. In addition, we examined the cross-reactivities of anti-E. coli B/r porin MAbs for S. typhimurium porins. The MAb panel identified slight homology between the denatured porins of the two species and a few conserved native surface epitopes.
MATERIALS AND METHODS
Bacteria and media. The bacterial strains used in this study included wild-type and rfa mutants of E. coli B/r, K-12, and 08:K27 and S. typhimurium LT2 and LT7. The LPS structures and pedigrees of the various strains are shown in Fig.  1 were produced against purified, denatured monomeric porin. Monomeric porin was prepared by heating native trimers at 100°C for 15 min. B cells were fused with P3-X63-Ag8.653 (18, 29) . Hybridomas producing antiporin MAbs were identified by enzyme-linked immunosorbent assay, subcloned twice (29) , and grown as ascitic tumors in mice. Ascitic fluid was used in experiments after dilution (1/50) in Tris-buffered saline with 1% gelatin and 0.02%. NaN3. The immunoglobulin heavy chain class was identified by double diffusions of hybridoma culture supernatants against class-specific antisera (Miles Laboratories, Inc., Elkhart, Ind.).
Western immunoblots. Bacteria (3 x 109 per gel) were pelleted by centrifugation at 10,000 x g, washed in 10 mM Tris (pH 8.0), and subjected to sodium dodecyl sulfatepolyacrylamide gel electrophoresis (31) . Proteins were electrophoretically transferred to nitrocellulose at 10 V for 16 h (44). The nitrocellulose was cut into 4-mm-wide strips, incubated with individual MAbs, and either developed with horseradish peroxidase-conjugated goat anti-mouse immunoglobulin and 4-chloronaphthol or amplified with goat antimouse immunoglobulin and developed with alkaline phosphatase-conjugated and rabbit anti-goat immunoglobulin and Nitro Blue Tetrazolium plus bromo-chloro-indolyl phosphate (4). Antiporin immunoblot reactions were evaluated in comparison with immunoblots with normal mouse serum and with ascitic fluid from mice harboring the B-cell plasmacytoma P3-X63-Ag8.653, which is a nonsecretor of immunoglobulin chains (18 (Fig. 2a) showed a similar, high degree of cross-reactivity; 31 MAbs recognized porin. The homology was not complete, however; MAbs 42, 49, and 61, which bound the B/r and K-12 porins, did not react with porin from 08:K27 strains.
Reactivity of only one MAb, 35, was detected in peroxidase immunoblots with S. typhimurium strains. More sensitive immunoblots (see above) revealed six more MAbs (25, 35, 46, 49, 60 , and 69) that recognized denatured porin in all of the S. typhimurium strains assayed (Fig. 2b) . These amplified immunoblots showed an increased background, and weak antibody binding was detected even in normal mouse serum. Results were evaluated in comparison with results for normal sera and judged positive only if consistent reactions were observed in repeated trials. Less than 15% of J. BACTERIOL. the MAb that recognized E. coli porin also bound S. typhimurium porin, contrasting the identical reactivities seen between B/r and K-12 and the 90% cross-reactivity seen for 08:K27.
To determine which of the three S. typhimurium porins was reactive with the anti-E. coli B/r porin panel, immunoblots were conducted against denatured outer membranes of 25 (lanes a), 35 (lanes b), 46 (lanes c), 49 (lanes d), and 60 (lanes e).
S. typhimurium porin mutants (Fig. 3) . Only strains carrying the 34K OmpD porin showed activity with the panel. No reactivity occurred for S. typhimurium OmpF porin in LT2 strains cultured in nutrient broth, in which OmpF was a predominant porin, or in SH5014 and its derivatives, in which OmpF was expressed at reduced but detectable (by sodium dodecyl sulfate-polyacrylamide gel electrophoresis) levels.
MAb binding to the E. coli cell surface. MAbs were tested for reactivity with porin surface epitopes by fluorescence flow cytometry. Intact cells of E. coli B/r strain CM6 were incubated with the antiporin library, stained, and analyzed; 20 MAbs gave a positive response (Fig. 4) rfaB, rfaG, and rfaD mutants (although fluorescence was above that of the background, it was significant only at P = 0.1 to 0.15) but was strongly positive for the rfaP mutant, which has a structure similar to that of rfaB but is not phosphorylated on the heptose. MAb 19 was reactive with the rfaB, rfaP, and rfaD strains, but not with the rfaG strain. In general, decreased LPS core length resulted in an increased number of different MAbs that were able to bind the intact cell.
Wild-type E. coli 08:K27, which has an intact 0 antigen, did not bind any of the antibodies within the panel (Fig. 4) , but its rfa derivatives (which have shorter cores than E. coli B/r) adsorbed 15 MAbs. MAb 20 was unique in the panel in that it reacted with an epitope that was exposed on the surface of E. coli 08:K27 but that was not exposed on either E. coli B/r or K-12.
MAb binding to the S. typhimurium cell surface. None of the MAbs adsorbed to S. typhimurium strains with wildtype, rfaL (which has a complete core but lacks the 0 antigen), or rfaJ LPS (Fig. 4) Ii (MAbs 44 and 49) adsorbed to E. coli B/r but was unreactive with any other bacterium tested, including deep rough mutants. This complete lack of surface binding occurred in spite of cross-reactivity for denatured porin in immunoblots of E. coli and S. typhimurium and may reflect slight differences in the surface configuration of the porin molecule among these strains or differences in the 2-keto-3-deoxyoctulosonic acid region of their LPS cores. The reactivity of MAbs 13 and 20 were sufficiently complex to warrant further study before classification.
